Infectious zoonotic diseases typically emerge as a result of complex interactions between humans and wild and/or domestic animals. Image credit: Pixabay/sasint.
The United Nations (UN) launched the 2030 Agenda for Sustainable Development to address an ongoing crisis: human pressure leading to unprecedented environmental degradation, climatic change, social inequality, and other negative planet-wide consequences. This crisis stems from a dramatic increase in human appropriation of natural resources to keep pace with rapid population growth, dietary shifts toward higher consumption of animal products, and higher demand for energy (1, 2) . There is an increased recognition that Sustainable Development Goals (SDGs) are linked to one another (3, 4) , and priorities such as food production, biodiversity conservation, and climate change mitigation cannot be considered in isolation (5) (6) (7) (8) . Hence, understanding those dynamics is central to achieving the vision of the UN 2030 Agenda.
But environmental change also has direct human health outcomes via infectious disease emergence, and this link is not customarily integrated into planning for sustainable development. Currently, 65 countries are engaged in the Global Health Security Agenda (GHSA) and are finalizing a strategic plan for the next five years (the GHSA 2024 Roadmap) to better prevent, detect, and respond to infectious disease outbreaks in alignment with SDGs 2 and 3 on food security and human health. Without an integrated approach to mitigating the disease emergence consequences of environmental change, countries' abilities to achieve SDGs and GHSA targets will be compromised.
Emerging infectious diseases (EIDs) such as Ebola, influenza, SARS, MERS, and, most recently, coronavirus (2019-nCoV) cause large-scale mortality and morbidity, disrupt trade and travel networks, and stimulate civil unrest (9) . When local emergence leads to regional outbreaks or global pandemics, the economic impacts can be devastating: The SARS outbreak in 2003, the H1N1 pandemic in 2009, and the West African Ebola outbreak in 2013-2016 each caused more than US $10 billion in economic damages. The current outbreak of a novel coronavirus, closely related to SARS, is once again keeping the world on its toes (10) . At the time of this writing, around 6 weeks after the first case was discovered, the virus has been confirmed affecting over 40,000 people in 25 countries (>6,000 severe cases), having caused approximately 1,000 deaths. Both the disease and the fear of disease have had considerable economic and social impacts, with restrictions on international travel enforced by several countries, the quarantining of tens of millions of people, dramatic drops in tourism, and disruption of supply chains for food, medicines, and manufactured products. Estimates of the likely economic impact are already higher than US $150 billion.
Although technologies to monitor EID risk are advancing rapidly, policies to deal with such risk are largely reactive, focusing on outbreak investigation and control and on development of vaccines and therapeutic drugs targeting known pathogens. Crucially, the processes that drive disease emergence risk interact with those necessary to achieve multiple societal goals. The current lack of focus on these interactions generates policy blind spots that must be addressed to ensure that sustainable development efforts are not counterproductive and do not compromise global health security.
Environmental Change, Sustainable Development
There is growing policy interest in the interactions between global environmental change and human health, such as noncommunicable disease outcomes of climate change, mortality and morbidity from extreme weather events, pollution-related asthma, and spread of vector-borne diseases (11) . By contrast, little attention has been paid to the interactions between environmental change and infectious disease emergence, despite growing evidence that causally links these two phenomena (12) (13) (14) .
Around 70% of EIDs, and almost all recent pandemics, originate in animals (the majority in wildlife), and their emergence stems from complex interactions among wild and/or domestic animals and humans (15) . Disease emergence correlates with human population density and wildlife diversity, and is driven by anthropogenic changes such as deforestation and expansion of agricultural land (i.e., land-use change), intensification of livestock production, and increased hunting and trading of wildlife (13, 14) . For example, the emergence of Nipah virus in Malaysia in 1998 was causally linked to intensification of pig production at the edge of tropical forests where the fruit bat reservoirs live; the origins of SARS and Ebola viruses have been traced back to bats that are hunted (SARS) or inhabit regions under increasing human development (Ebola). Mitigating the underlying drivers of disease emergence will therefore require consideration of multiple dimensions of socioeconomic development, which include SDGs targeting a diverse range of societal issues ( Fig. 1) .
Goal 3 of the UN 2030 Agenda for Sustainable Development aims to "ensure healthy lives and promote wellbeing for all at all ages." Reducing global infectious disease risk is part of this Goal (Target 3.3), alongside strengthening prevention strategies to identify early warning signals (Target 3.d). Given the direct connection between environmental change and EID risk, actions taken to achieve other SDGs will have an impact on the achievement of Goal 3 (either positive or negative). The strongest links can be expected with Goals 2 and 15. Goal 2 aims to increase agricultural productivity to enhance global food security, which will likely lead to the expansion and/or intensification of cropping and livestock production systems (both increasing EID risk). Goal 15 aims to conserve the world's terrestrial ecosystems, with direct implications for EID risk mitigation given the prominent role that habitat loss plays in driving the transmission of pathogens.
Other drivers, such as societal instability in conflictaffected states, also exert a strong amplifying effect on EIDs. Conflict drives human migration, which influences transmission risk, and can severely limit our ability to control disease outbreaks by decimating healthcare systems (16) . Goal 16 promotes effective and accountable institutions at all levels, and efforts to end violence and conflict, as well as strengthen all-hazards resilience, should recognize disease as a threat to societal security.
Despite these interactions with Goal 3, research has typically focused on a small number of wellestablished links among other goals, for example between carbon sequestration and biodiversity conservation (7), biodiversity conservation and food production (5), or food production and carbon emissions (6) . These studies ignore the role that EID risk plays in human health, generating a key policy blind spot: Efforts to reduce EID risk involve trade-offs with other societal goals, which ultimately rely on the same planetary resources (8) . At the same time, ignoring EID risk might mean overlooking important synergies in the achievement of other goals, thereby reducing the perceived benefits of a proposed policy, or disregarding the wider consequences of inaction.
Synergies, Trade-Offs, and Leverage
Researchers and policymakers could exploit the synergies in the achievement of multiple SDGs by considering the interconnected drivers of disease emergence and their wider societal impacts. For example, cropland is projected to expand with increasing food demand, particularly in developing countries with high biodiversity and EID risk. Environmental policies that promote sustainable land-use planning, reduced deforestation, and biodiversity protection, provide ancillary benefits by reducing the types of wildlife contact that can lead to disease emergence (13, 14) . Such policies could promote the "land sparing" strategy in production landscapes, which aims to reconcile agricultural activities and biodiversity conservation (17) but also reduces the interaction of humans and livestock with wildlife (and therefore EID risk).
Similarly, protecting intact forest landscapes can benefit biodiversity conservation and global carbon storage, while at the same time preventing the risk of disease transmission to humans (18) . In fact, intact ecosystems may play an important disease regulation role by maintaining natural disease dynamics in wildlife communities and reducing the probability of contact and pathogen transmission among humans, livestock, and wildlife (12) . Policies that aim to reduce the rate at which consumption of animal protein is increasing in developed countries (1) will reduce the global footprint of intensive livestock production and reduce the risk of livestock acting as amplifiers for emerging pathogens (15) .
Avoiding societal disruption, such as that generated by armed conflict, enhances efforts to mitigate EID risk and achieve other SDGs. Conflict can severely deteriorate infrastructure and stability, as demonstrated by the healthcare capacity deficits and government distrust-stemming from decades of civil war-that hindered control of the West Africa Ebola epidemic. The targeting and harming of healthcare workers, treatment centers, and critical infrastructure (e.g., the power supply) has decreased populationlevel effectiveness of containment measures (19) .
Reducing local and international instability is essential to prevent disease spread, even for infectious agents at the brink of eradication. The spread of wild poliovirus from Pakistan into Syria in 2013 and 2014, for example, was a consequence of reduced vaccination levels owing to years of conflict in both countries (20) . Conversely, not controlling epidemics can contribute to the dismantling of societal functions, leading to the exacerbation of violence, sexual exploitation, educational disruption, food insecurity, and corruption (21) .
There are also trade-offs to consider. For example, efforts to rapidly expand livestock production in developing countries may improve protein intake and nutrition but run the risk of expanding the wildlifelivestock-human interface, which enables pathogen spillover and can lead to disease-associated production losses (15) . Focusing livestock production on monogastric species (such as pigs and poultry) rather than ruminants has been proposed as a strategy to lower greenhouse gas emission intensity (22) , but this could increase the risk of pandemic influenza emergence. Conservation measures that create wildlife corridors to increase habitat connectivity might also increase the risk of disease transmission among disparate wildlife, livestock, and human populations. Restoring degraded natural habitats helps re-establish the natural composition and dynamics of wildlife communities, with multiple benefits for carbon sequestration, freshwater conservation, and drought management. However, reforestation in the northeastern United States, in the wake of a cycle of deforestation and predator extirpation, likely contributed to an increased Lyme disease risk among people (15) .
Integrating EID Risk Mitigation

Nations and local institutions could better integrate human health within sustainable development planning
In fact, intact ecosystems may play an important disease regulation role by maintaining natural disease dynamics in wildlife communities and reducing the probability of contact and pathogen transmission among humans, livestock, and wildlife.
by leveraging current policies and collaborations already adopted by international organizations. For example, the World Health Organization, Food and Agriculture Organization of the United Nations, and World Organisation for Animal Health have formed a tripartite One Health policy framework to enhance protection against pandemics, primarily through increased farm biosecurity and disease surveillance in animals and people (9, 15) . The One Health strategy has already attracted interest from several developing countries (23) ; it can provide a global platform for integrating EID risk mitigation within sustainable development planning. Organizations such as the UN Office For Disaster Risk Reduction (UNDRR) can help ensure that measures directed at risk mitigation and epidemic threat resilience are mainstreamed through coordination in program design and standards, for example via the World Bank-UN Humanitarian-Development-Peace initiative working in conflict-afflicted countries.
Advancing the integration of EID risk into the planning for sustainable development requires a crossdisciplinary research approach; disease emergence involves socioeconomic change, pathogen dynamics, and biological and behavioral aspects of humans, wildlife, and livestock. A multisectoral lens, consistent with SDG 17, is critical for promoting greater alignment and novel solutions that bridge sectors and stakeholders relevant to health, environment, and other dimensions of security at global, national, and community levels (4) . Policies to promote research on these interactions could provide ways to better estimate the likely return on investment of more integrated SDG planning, guide efforts to achieve initiatives such as the GHSA Strategic Plan, and better monitor global progress on EID risk mitigation. The mechanisms linking land-use change and EID risk could be better resolved by on-the-ground evaluation of how land-use transitions (e.g., from forest to cropland) alter wildlife and pathogen diversity, as well as the human activities responsible for human-wildlife contact (such as bushmeat hunting and farming).
Resolving the complex relationships between biodiversity and EID risk (12) (13) (14) could also help determine whether conservation programs are likely to enhance or reduce disease emergence. This will require assessing the role of wildlife diversity not only in terms of the number of species (or their abundance) at a given location, but also in terms of the spatial and temporal variation in species composition (factors influenced by anthropogenic environmental change). Similarly, livestock populations are being mapped with increasing accuracy and resolution-spatial extent of pasture areas, change in livestock head counts over time, details of the farming system, etc.-but the relationship of these factors to EID risk is not yet adequately assessed over large scales. One promising avenue for better integrated EID risk research is socioeconomic scenario analysis, which is widely used in sustainability, biodiversity, and agricultural research (6, 24) . This approach-which entails projecting the response of biological and socioeconomic systems to changing environmental conditions-could be built into environmental and social safeguard frameworks, to better anticipate and mitigate the risks and adverse impacts of disease from the outset of development projects (23) .
Current economic approaches mostly focus on pandemic insurance (i.e., mobilizing resources for postoutbreak response and recovery in affected countries). Incentivizing upstream risk reduction for avoidance of EID spillover events could offer more cost-effective prevention, with substantial cobenefits to overall public health systems, livestock production, environmental protection, and security. Although these solutions will be targeted to specific country or regional contexts, they are likely to be bolstered by broader investment in health security-and the resulting avoidance of disease and economic consequences-as a global public good for both new epidemics and the endemic diseases they can ultimately become. Better consideration of EID risk under a One Health lens can thus advance key international initiatives, such as the GHSA, which emphasizes multisectoral solutions to strengthen preparedness capacity for prevention, detection, and response to biological threats. At the same time, this can strengthen rationale and effectiveness for the wider public health benefits generated from human, animal, and environmental health funds (e.g., forest conservation investments under the UN Collaborative Programme on Reducing Emissions from Deforestation and Forest Degradation).
Such approaches are essential now. The current trajectory of global change is predicted to have a dramatic and irreversible effect on the environment and its ability to sustain our lives. To achieve sustainable socioeconomic development, society will need to pursue a combination of technological advances and shifts toward less resource-intensive lifestyles (25) .
Even so, it is still unclear whether it will be possible to meet an increasing demand for food and energy while at the same time slowing unsustainable rates of environmental degradation that lead to negative externalities, such as the emergence of novel pathogens. This would entail achieving several key SDGs while simultaneously finding socioeconomic development strategies that minimize the risk of perverse outcomes for human health. We therefore urge that EID risk mitigation becomes an integral part of sustainable socioeconomic planning.
This integration will require a deeper, mechanistic understanding of the complex drivers of disease emergence and more accurate, fine-scale assessment of the regions at highest EID risk. Linking such analyses to economic assessment and development planning will allow smarter approaches to sustainability that benefit public health and achieve the UN 2030 Agenda commitment of balancing "the three dimensions of sustainable development: the economic, social, and environmental." Research and applications for achieving this integration must be prioritized now if we want to prevent, rather than react to, the potentially dramatic consequences for humanity.
